The effect of alternating night and day on sleep, feeding, and weight gain in 41 healthy preterm infants was examined in a randomised controlled trial. Twenty infants from a night and day nursery, where the intensity of light and noise was reduced between 7 pm and 7 am, spent longer sleeping and less time feeding and gained more weight than 21 infants from a control nursery, where the intensity of light and noise was not reduced. Differences were significant and became apparent only after discharge home; they were still present three months after the expected date of delivery, when infants from the night and day nursery were an average of 05 kg heavier (p<0-02).
Introduction
It is our impression that sleep problems are more common in infants born prematurely than in infants born at full term. Some parents of preterm infants think that poor nocturnal sleeping is caused by admission to a neonatal unit and in particular by the infant being exposed to constant light and noise. For example, a few parents find that the only way they can get their baby to sleep at night is to switch on the bedroom light and play music, mimicking the environment that the baby was exposed to in hospital.
In the neonatal unit of this hospital preterm infants are nursed in an intensive care ward until they no longer require close observation and are able to tolerate full enteral feeding. They are then transferred to one of two adjacent newborn nurseries, where oral feeding is established, and they are prepared for discharge home. It is the usual practice for the lights in these nurseries to be left permanently on, and no attempt is made to reduce the intensity of the light or noise at night. We therefore devised a study to see whether exposure to a cyclical day and night environment before discharge would influence the subsequent behaviour of preterm infants.
Patients and methods
The study was conducted from August to December 1984. Forty one healthy infants who were born after less than 36 weeks' gestation but no longer required intensive care or close observation were randomly assigned to one of the two nurseries, 21 to the control nursery and 20 to the night and day nursery. Infants above and below 30 weeks' gestation were separately assigned to achieve an even distribution between the nurseries. None had had a major neurological illness. The mean birth weight was 1 63 (range 1 02 to 2 43) kg, and mean gestation was 31 8 (27 to 35) weeks. The age of the infants on entry to the study ranged from 1 to 63 days old; 10 were aged < 7 days, 21 were aged 8 to 21 days, and 10 were aged >21 days.
The control nursery contained six cots, measured 23 x 13 feet, had a large exterior window and smaller internal windows without curtains, and was lit by bright fluorescent strip lights that remained permanently on. No attempt was made to reduce noise from the radio, staff, parents, or other visitors at any time. The night and day nursery was identical in size and the number and distribution of windows. During the daytime the environment was identical in the two nurseries, but at 7 pm the windows in the night and day nursery were covered by dark, lined curtains, the lights were turned out, and the only illumination was provided by a low intensity night light. The radio was turned off, and staff and visitors were urged to make as little noise as possible. Low light and noise intensity was then maintained until 7 am.
The infants spent at least 10 days in one of the two nurseries. The time (in hours) spent by each infant asleep, awake, or feeding was recorded over 48 hours at the following defined times: immediately before discharge home, at the expected date of delivery, and at six and 12 weeks after the expected date of delivery. Observations were recorded by shading in two successive 24 hour charts divided into individual hours. The observations before discharge were made by the nursing staff responsible for the infant in the nursery, and the mother was instructed in the method of recording at the same time. Subsequent observations were made by the mother at home, helped by home visits from one of three nurses (RH, LS, and SG). The infant was weighed on each occasion. The average time spent asleep, awake, or feeding in 24 hours was calculated from the 48 hours of observation. Infants were studied with the informed consent of their parents, and the study was approved by the hospital's ethical committee. Data were recorded and analysed on an ICL 2900 computer with the statistical package for the social sciences. Results are expressed as means and SEM. Statistical comparisons were made with Student's unpaired t test, the x2 test, and analysis of covariance.
Results
Light and sound intensities were measured in the two nurseries on a randomly chosen day in the middle of the study without warning. Light intensity in the control nursery was about 200 lumen/M2 throughout 24 hours, with no nocturnal decrease. Intensity in the night and day nursery decreased to 1 lumen/M2 at 7 pm and remained low until 7 am, when it increased to control intensity. Background sound intensity in the night and day nursery was about 1OdB lower than in the control nursery from 7 pm to 7 am, and peaks of sound were of lower intensity and less frequent. Sound intensities in the two nurseries were similar during the day.
Comparison of the two groups of infants on admission to the study showed no significant differences in gestation, birth weight, or the amount of intensive care they had received (as judged by the length of time the infant had needed mechanical ventilation, oxygen, or total parenteral nutrition) (table I) . The weights and ages of the infants on admission to the study did not differ significantly. Infants spent 10 to 42 (mean 19 3) days in their nursery before discharge, with no difference between the two groups.
Comparison of the families of the infants showed no significant differences between the groups in maternal age, marital state, number of siblings, previous perinatal loss, social class, or the number of recent housing changes (table II) . Most infants were fed on formula milks, and the prevalence of breast feeding was similar in the two groups. and type of intensive care they had received, and on entry to the study. Alternatively, the families, especially the mothers, of infants exposed to night and day might have been inherently more effective at rearing babies. This would explain the appearance of the differences between the groups after discharge, but we were unable to show any differences in the mothers and their families from Infants from the night and day nursery spent less time awake than control infants, a significant difference that became apparent only after discharge from hospital (fig 1) . After discharge they spent an average of two hours more in 24 hours asleep. This extra sleep was evenly distributed over 24 hours and was not solely nocturnal-both groups showed proportionately less sleep by day and more sleep by night with increasing age (table III) .
Infants from the night and day nursery spent an average of one hour less each day feeding, again a significant difference that became apparent after discharge (fig 2) . In spite of this these infants showed a significantly greater weight gain than controls after discharge (fig 3) , so that by three months after the expected date of delivery they were an average of 0 5 kg heavier.
Discussion
Why should infants nursed under conditions of alternating night and day sleep longer, spend less time feeding, and gain more weight than those nursed in perpetual light and noise? Furthermore, why should these differences become apparent only after discharge from hospital and still be present three months after the expected date of delivery? There are several possible explanations.
Firstly, the two groups of infants might be inherently different. This seems unlikely, as they were so similar at birth, in the amount Secondly, exposure of the infants to a cyclical night and day environment could directly affect sleep, feeding, and weight gain. There is evidence that an endogenous circadian rhythm of sleep develops spontaneously in the human infant but that alternating light and darkness hastens its appearance and synchronises it to night and day.' The newborn infant born at full term sleeps equally by night and day, spending 16 to 17 hours in 24 asleep.2 By the age of 3 to 6 weeks the total time spent asleep has decreased to 14 to 15 hours, and the normal circadian pattern of more nocturnal and less diurnal sleep has appeared. This sequence is correspondingly delayed in preterm infants. Thus differences in sleep patterns r between infants from the two groups would not be expected at birth but would appear after the expected date of delivery. Although infants from the night and day nursery spent two hours more asleep in 24 hours, however, this extra sleep was evenly distributed, and there was no earlier development of a circadian sleep pattern compared with control infants (table III) . Nevertheless, sleep, appetite, and weight gain are all under the influence of the hypothalamus and could therefore be affected by exposure to night and day. Alternatively, if only sleep was influenced by the cyclical environment, weight gain could increase as a secondary phenomenon due to the anabolic effect of sleep.5 quickly. Certainly, excessive handling of young infants disrupts their sleep patterns. 6 Although the two groups were subjected to different environments in hospital, we do not know whether they were subjected to different intensities of light and noise once they had been discharged home.
Whatever the explanation the differences are real and appreciable. Assuming that it is beneficial for a young infant to sleep longer, spend less time feeding, and gain weight quickly, we recommend that preterm infants in nurseries for the newborn are not subjected to constant light and noise. It is the control infants in this study who seem to be receiving a "treatment" with an adverse effect. Our use of constant light and noise has slowly evolved from the wish to provide a neonatal unit with an environment that is less stressful and more relaxing to the parents and staff. The results of this study suggest that it is not in the best long term interests of the infants or their parents.
